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Preface

This book provides solid, quantitative descriptions and reliable guidelines, reflecting
the maturation and demand of the field and the development of new polysaccharide
nanocomposites. It focuses on the different types of polysaccharide nanocomposites
of cellulose, chitosan, alginate, etc. for gene delivery and tissue engineering. The book
also covers polysaccharide hydrogels for tissue engineering and polysaccharide mag-
netic nanocomposites for gene delivery and highlights the most exciting applications
in the field of gene delivery and tissue engineering. This book will be of interest to
researchers working in the fields of material science, biomaterials, regenerative med-
icines, drug delivery, tissue engineering, polymer science/chemistry, and chemical
engineering, and in the polymer industry. It will be useful for scientists working on
polysaccharide nanocomposites for gene delivery and tissue engineering. The book
will be very helpful for students in the development of new polysaccharide
nanocomposites as well as graduates in polymer technology, biomedical science,
and biotechnology.

The two introductory chapters cover basic information about polysaccharides and
nanocomposites, to provide a foundational understanding. The second section of this
book covers chitosan and its derivatives-based dimensional frameworks as carriers for
gene delivery, alginate- and hyaluronic-based hydrogels for tissue engineering,
heparin- and cellulose-based nanocomposites for and dextran, pullulan, gellan,
xanthan, and xanthun gum-based nanocomposites for tissue engineering applications.
The last section describes polysaccharide-based 3D bioprinter inks for tissue
engineering, polysaccharide-based nanocomposites for gene delivery, chitosan- and
starch-based nanocomposites for gene delivery, and hyaluronic acid magnetic
nanocomposites for gene delivery.

Finally, we assure the readers that the information provided in this book can serve
as a very important tool for anyone wishing to select/design polysaccharide-based
nanocomposites to fulfil the requirements of gene delivery and tissue engineering
applications. We are grateful to all the authors who contributed chapters to this book
and who helped to turn our thoughts into reality. Lastly, we are grateful to the Elsevier
team for their continuous support at every stage to make it possible to publish on time.

Showkat Ahmad Bhawani
Zoheb Karim
Mohammad Jawaid



Polysaccharides

Sadal Afnr" and Zoheb Kanm®

"Department of Chemistry, Faculty of Sciences, Aligarh Musiim University,
Aligarh, India, "MoRe Research AB, Sweden

1.1 Introduction

Natural polysaccharides wre generally constitted of simple carboliydrates with long
chain molecules antached via glycosidic linkages. Carbohydrates are made up of alde-
hydes or ketones, and have multiples hydroxy) groups, They make up the majority of
organic matier and play a crucial role m human life. Carbohydrates serve s energy
siores, fuel, ind vanoss metabobic mtermediates. In parallel, vimous sugars like nbose
and deanyribose form part of the structural frsmework of RNA snd DNA. Polyssc-
chandes are also present in the cell walls of bacteria and plants, and cellulose s
the main constituent of phant cell walls [1, 2},

The most authemtic classification performed for polysacchanides is based on degree
of polymerization (DP). Polysacchanides may reach a DP of 107, whereas, by defini-
tion, the maximum DP for oligosacchandes is 10, Hence, by convention, compounds
having a DP of 11 or more are designated polysacchandes. A monosscehande is o
monomer of sacchandes, and o dsacchande is two comugated monomers (1, 3]

Many studies aee available related 1o the generd introduction of polysaccharides,
thetr chemical stroctures, chemical compositions, methods of solaton, Types, ek,
[4-T]. Hence, in this chapter, a very imeresting aspect is explained: the nuso-form of
these polysacchandes, which is an aren of emerging interest in scoentific studies. Very
few studies in the literature have boen summarized related 10 nano-polysacchandes
characterization, the wolation provess, and their properties and applications. Conse-
quently, this chapier explains the collective efforts and provides o summry of
nano-polysacchuride understanding and their utilization in vanous applications.

1.2 Natural polysaccharide nanomaterials

Polysaccharides are mokecules composed of monomer sugar units linked by glyosidic
bonds. this bond s responsible for the attachment of monomers and forms polymers,
They are the most abundant natueal polymer on Earth |8, 9], The amount of polysac-

chanide produced by plants per year exceeds by several orders of magnitude the syn-
thetic oroduction by the chemical industry 1101, Natural nolvsaccharides (Table 1.1)

I
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biomineralization, 165-166
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Bone tissue engineering
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growth factor delivery, 166
guided bone regeneration (GBR), 166-168
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scaffold fabrication, 164—-165

Carbon nanotubes (CNTs), 111-113,
139-140
Cartilage tissue engineering and osteoarthritis
treatment, 169-170, 169f, 171-172¢
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Cellulose nanoparticles. See Nanocelluloses
Ceramic matrix nanocomposites (CMNCs)
classification of, 18, 18¢
processing of, 20, 21¢
Chitin nanoparticles, 7-11, 8-10f
Chitosan (CHT)
advantages, 4344
amide hydrolysis, 245-247
applications of, 253-254, 254f
biological characteristics, 250-251
challenges and limitations, 52—-53
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chitosan-DNA complexes (CS-DNA), 282
crystalline polymorphs, 284, 285f
derivatives of, 44
disadvantages, 4344, 53
gene delivery system
arginine-chitosan-plasmid DNA (ACD),
51
DNA nanoparticles (NPs), 45-48, 47f
formulation of, 49
green fluorescent protein (GFP), 49-51,
50f
multifunctional nanomaterial, 255, 255f
nanocapsules, 45, 47f
oral delivery, 255
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PEI-chitosan-plasmid-DNA (PCPD), 51
polyethylene glycol (PEG), 51-52
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electroporation, 280
limitations, 280
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nonviral vector, 279-280
synthesis of, 288-289, 289f
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viral vector, 279
grafting and coating structures, 283, 283f
morphology of, 245, 246f
particle size, 282283
pH level, 248
physiochemical properties, 249-250, 250f
properties of, 281-282, 281¢
significance of, 251-252, 253f
sources of, 247-248
structure of, 248, 281, 281f
superparamagnetic iron oxide
nanoparticles (SPIONs), 284
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Dextran based hybrid materials
biomedical applications, 142
bionanotechnology, 146
biosensing, 144—145
bottom-up approach, 135-136, 135f
carbon nanofibers (CNFs), 139-140
carbon nanotubes (CNTs), 139-140
characteristics of, 131-132
extracellular matrix (ECM), 132, 146-147
fundamental aspect, 131-132
hydroxyapatite (HA), 140
metal nanoparticles, 139
multicomponent polymeric systems,

132-133
nanocomposite thin films, 141
nanofibers, 147
nanohybrid membrane, 141-142
polymers for, 137-138, 138f
porous scaffolds, 141
research articles, 132, 133¢

scaffolds, 131-132, 136-142

terminology, 131

top-down approach, 134-135, 135f

types of, 132-133, 134f

vascular regeneration and reconstruction,
144

wound healing, 145-146

Gellan gum

bone tissue engineering, 164168,
167-168t¢

carbohydrate molecules, 155
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osteoarthritis treatment, 169-170,
1691, 171-172¢

dental cavity, 181

extraction and processing, 156, 156¢,
157-158f

intravertebral disc (IVD) regeneration,
170-172, 173f, 174t

neuronal tissue engineering, 175-180,
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retinal pigment epithelium (RPE), 180-181

skin tissue engineering and wound healing,
173-175, 176177t
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structure and properties, 158—162,
160-162f

3D nanostructured scaffold, 181

3D printing method, 181, 183

traumatic spinal cord injury (SCI), 181

Gene therapy
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limitations, 280
lipoplexes, 280
natural cationic polymers, 280
nonviral vector, 279-280
synthesis of, 288289, 289f
synthetic cationic polymers, 280
viral vector, 279
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nonviral vectors, 41-42

role of, 42
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Halloysite nanotubes (HNTs), 197-198
Heparin
biopolymers, 81
preparation of
Au nanoparticles, 88, 88f
coprecipitation and solvothermal
method, 88
cosynthesis method, 87
covalent functionalization, 86—87
electrospinning, 83-85, 84f
ionotropic gelation technique, 89
layer-by-layer assembly, 85, 86f
physical self-assembly method, 87

spontaneous emulsion solvent diffusion

method, 87
role of, 82-83
structure, 82, 82f
tissue engineering
anticoagulant drug, 92
applications, 93-94¢
bone morphogenetic proteins
(BMPs), 94-96
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effectors, 89-91
extracellular matrix (ECM), 89, 91
growth factors, 91
mechanical and chemical signals,
89-91
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PLGA microspheres, 92
rejuvenation deficit, 96
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89-91, 90f
tissue repairing, 92, 95f
vascular imperfections, 96-97
Hyaluronan magnetic nanocomposites.
See Hyaluronic acid (HA)
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chemical modification, 72—73
drug delivery, 76-77
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hyperthermia, 316

liver fibrosis, 316
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phosphatidylethanolamine
(PEG-DSPE), 316
poly (L-Lysine) (PLL), 318
“stealth effect”, 315
superparamagnetic iron oxides
(SPIONS), 317-318
hemorrhage control, 73-74
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definition of, 71-72
natural polymers, 72
molecular structure, 314-315, 314f
nature’s moisturiser, 314-315
properties, 314-315
structural modification, 77
structure of, 72, 72f
tissue engineering, 71
wound healing, 75-76
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65f
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electroporation, 300, 300¢
Fe;0, functionalization, 302-303, 304¢
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magnetofection, 301, 302f
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superparamagnetic behavior, 297-298,
297f
surface modification, 298-299
synthesis process, 301-302, 303f
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Magnetic nanoparticles (MNPs)
gene delivery
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property, 311-312
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gene carrier, 315-318, 317¢
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processing of, 23-25, 24-25¢
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polynucleotide, 114-115, 115f

selenite nanoparticles (SeNPs), 111, 112f

silica, 113, 114f

silver nanoparticles (AgNPs), 110-111,
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structure of, 263, 264f
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structure of, 263, 264f
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biomedical applications, 27, 29¢
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amide hydrolysis, 245-247
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tissue repairing, 92, 95f
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drawbacks, 16
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Au nanoparticles, 88, 88f
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research articles, 132, 133¢
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